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Incident-beam effects in electron-stimulated Auger-electron diffraction
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We have examined incident-beam effects in electron-stimulated Auger-electron diffraction (AED)
on a cleaved CxaAs(110) surface. The results indicate that incident-beam diffraction is significant in

an AED experiment, and that the dissipative nature of the incident beam in contributing to the
Auger process must be accounted for. We have developed a qualitative model that describes the
trend of the polar-angle dependence of the Auger intensity for both the incident and exit beams. In
calculating the diffraction features, we used a zeroth-order approximation to simulate the dissipa-
tion of the incident beam, which is found to adequately describe the experimental data.

INTRODUCTION

A knowledge of atomic identities, positions, and bond-
ing mechanism within the first 3 —5 layers of a surface is
essential for any quantitative microscopic understanding
of surface phenomena. In a series of experiments,
Chambers et al. demonstrated that electron-stimulated
Auger-electron diffraction (AED) is a sensitive probe for
examining surface structures. ' Together with x-ray pho-
toelectron diffraction (XPD), AED has been developed as
an important technique for determining site symmetries,
coordination numbers, bond directions, and short-range
order in the surface and interface region. '

XPD and AED are based on the strong forward
scattering of x-ray photoelectrons or Auger electrons of
kinetic energy above several hundred eV by overlaying
lattice atoms, and the scattering process produces
enhanced intensities at exit angles corresponding to the
directions connecting the emitting atom with overlying
nearest- and next-nearest-neighbor atoms. Since core-
level and Auger peaks are element specific, observation of
the directions in which their intensities are enhanced con-
stitutes a probe of the short-range order around a partic-
ular element.

In electron-stimulated Auger-electron diffraction, both
incident primary electrons and exit Auger electrons are
subject to the same forward-scattering mechanism. One
would expect that the observed AED distribution be the
convolution of both the incident- and exit-electron
diffraction. Previous studies of AED, however, showed
that the angular distribution can be reasonably well de-
scribed by a straightforward kinematical or single-
scattering cluster formalism in which only the outgoing-
beam scattering is included. This rather surprising re-
sult was suggested as being due to the experimental
geometry, which was such that the peaks associated with
the incoming- and outgoing-beam forward scattering
nearly overlap, causing the two effects to reinforce one
another. A comparison of XPD, AED, and medium-
energy electron diffraction (MEED) on Ni(100) and
Cu(100) also shows that the observed diffraction patterns
are very similar and the inclusion of the incident-beam

diffraction in the calculations does not improve the quali-
ty of the fit to the experimental data. These results
would seem to suggest that incident-beam effects were of
minor significance in AED experiments. The geometry in
these experiments, however, is such that the angle be-
tween the incident and exit beam is fixed, and both
diffraction angles are changed when the sample is rotat-
ed. Independent observation of incident-beam diffraction
is therefore dificult with such an experimental setup, and
effects of incident-beam scattering in an Auger-electron-
diffraction measurement remain an open question.

In this paper, we report on our recent study of
incident-beam effects in Auger electron diffraction on
cleaved GaAs(110). Our experimental apparatus allowed
us to fix the exit angle of the Auger electrons and vary
only the incident angle, therefore isolating the incident-
beam diffraction effects. Our results indicate that the in-
cident beam does have a diffraction pattern different from
that of the exit beam and the diffraction of the incident
beam affects the observed data in a significant way.
Furthermore, the incident-beam diffraction emphasizes
larger polar angles, which is complementary to the exit-
beam diffraction.

This paper is organized as follows. First, we describe
our experimental apparatus. We then report our results
and compare them with the continuum limit. The calcu-
lation of the diffraction of incident beam and the compar-
ison to that of the exit beam will be given thereafter.

EXPERIMENT

Our ultrahigh-vacuum (UHV) chamber has a base
pressure of about 7X10 " Torr. Auger-electron (AES)
and x-ray-photoemission (XPS) spectroscopies, as well as
sample-preparation devices, were implemented in the sys-
tem for the work described here. A clean GaAs(110) sur-
face was prepared by cleaving a single-crystal post in situ.
This surface was chosen for the present study because its
geometry is well understood and easy to prepare. ' A
primary-electron beam of 3 keV energy from a Leybold
EQ-22 electron gun is focused to a 0.5-mm-diam spot at
the surface, with a beam current of -0.3 pA. The Ga
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LMM and As LMM Auger spectra were measured with a
Vacuum Generator ADES 500 energy analyzer mounted
on a two-axis goniometer in pulse-counting mode. The
analyzer has been modified to have a 3 mm cross-
sectional diameter X20 mm length entrance collimating
cylinder to improve the angular resolution, which was
determined by observing low-energy electron diffraction
(LEED) to have a full width at half maximum (FWHM)
of 1.6.

The geometry of the experiment is shown in Fig. 1, in
which the two rotational degrees of freedom of the sam-
ple, and the one rotational degree of freedom of the
analyzer in the horizontal plane are illustrated. These
three rotation angles were adjusted separately or con-
currently, depending on the actual experiment. The oth-
er rotational degree of freedom of the analyzer in the
vertical plane (not shown in Fig. 1) was used to optimize
sample alignment, but otherwise remained fixed while
data were taken. The minimum angle between the elec-
tron beam and the analyzer is 39', which sets the limits of
the incident-beam polar scan with normal exit angle.

The orientation of the sample was determined by ob-
serving the LEED maximum at 100 eV electron energy.
The actual spot size of the incident electron on the sam-
ple surface varies with the incident angle eo, and the
geometry ensures that at co=80 from the surface nor-
mal, the full spot can still be covered by the analyzer en-
trance aperture and no signal is lost. The surface
geometry is defined as the following. If x is along [110]
and y along [001] and the surface Ga atom is located at
(0,0,0)a, then the As atom would be located at
(&2/4, 1/4, 0)a if there were no surface relaxation. Here
a =5.65 A is the GaAs lattice constant. The polar angle
eo (e, ) is defined to be positive if the beam is in the op-
posite side of x (or y) with respect to the surface normal.

In taking an angular scan, three energy positions were
selected to define the background and deduce the peak in-
tensity of the Auger spectrum. The selection of the three
positions are illustrated in Fig. 2 for Ga LMM, which
shows that the background for the peak at position 2 is
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FIG. 2. A typical Ga LMM Auger spectrum from which
three energy positions were selected for the angular scan. While
positions l and 3 defined the background approximated as a
straight line, the intensity of Ga LMM was taken as the peak
height at position 2 from the background.

RESULTS AND DISCUSSION

Qualitative trend in the continuum limit

Figure 3(a) shows the Ga LMM Auger-electron-
intensity dependence on the polar angle of a 3-keV

assumed to be on the straight line between positions 1

and 3. This method substantially reduced the time for
data acquisition to about 25 min per angular scan and
minimized surface deterioration. Alternative ways of
data acquisition by integration over the full spectrum
shown in Fig. 2 were also tested and the results were
identical compared with those obtained with three energy
positions as presented in this paper.
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FIG. 1. The experimental geometry. The two degrees of
freedom in rotation of the sample and the one degree of freedom
in rotation of the analyzer being used in the experiments are
marked.

FIG. 3. (a) The incident-beam polar-angle scan of Ga LMM
Auger intensity from GaAs(110) along [001]. The exit angle was
kept at 6&= —45. As the incident angle Oo approaches the
glancing angle at 90', the intensity increases. (b) The results of
the qualitative model at continuum limit, calculated using Eq.
(3) with small correction of surface deAection.
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incident-electron beam along the [001] direction of
GaAs(110). The exit angle 6, was fixed at —45' by rotat-
ing both the sample and analyzer simultaneously.
Scattering features can be clearly seen throughout the an-
gular range. An interesting feature of the spectrum is the
increase in Auger intensity as the incident angle ap-
proaches the glancing angle at 00=90'„

This trend is in sharp contrast to that of the exit-beam
diffraction, shown in Fig. 4. The exit-beam diffraction
data were taken by moving only the analyzer, while keep-
ing the incident angle O0 stationary at 80'. A scan was
also taken along [001],but on the opposite side of the sur-
face normal relative to that in Fig. 3. The exit-beam in-
tensity clearly diminishes as the exit polar angle O, ap-
proaches the glancing angle at —90'.

The different behaviors of the incident- and exit-beam
intensity at large polar angles can be understood on the
basis of the different roles of these two beams. %'hile the
exit beam undergoes mostly elastic or nearly elastic
scattering on iis way out, the incident beam has to suffer
a drastic inelastic scattering event to generate the Auger
electron being observed. The increase in the Auger inten-

sity when the incident beam approaches the glancing an-

gle is therefore a result of more electrons dissipating ener-

gy near the surface region and creating more Auger elec-
trons capable of escaping from the surface. This intuitive
picture can be quantified in a continuum limit where the
intensity of incident electrons inside the sample is de-
scribed as

z /2p cosBpI=I0e

where I0 is the incident intensity, k0 the electron inelastic
scattering mean free path, and z the distance from the
surface.
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FIG. 4. (a) The exit-beam polar-angle scan of Ga I.MM
Auger intensity from CiaAs(110) along [001]. The incident an-

gle was kept at Op=80'. As the exit angle e& approaches the
glancing angle at —90', the intensity diminishes. (b) Results
from the qualitative model in the continuum limit, calculated
using Eq. (3) and small correction of surface deflection.
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where n is the transition probability which, according to
the Auger process, can be considered isotropic. ' '" The
measured Auger intensity at the exit angle O, can be ob-
tained by integrating Eq. (2) with the attenuation of the
outgoing Auger electrons incorporated:

The number of Auger electrons excited in the layer be-
tween z and z+dz is proportional to the dissipation of
the incident beam in the same region,

IAE(60 61) J d~ iAEe
0

—z/A, cosO oo O I0
1 1

0 k0 cosOp

1
exp —z +

X0cosO, X, cosO,

=aI /(1+k cos6 /A. , cos6, ) . (3)

Equation (3) indicates that for the constant exit angle

O&, the measured Auger intensity increases as O0 in-

creases, in qualitative agreement with our data in Fig.
3(a). A smooth curve using Eq. (3) with 6, = —45' and

Ao/k, = [(3000 kV)/(1000 kV)]'~ =1.432 from the uni-

versal mean-free-path energy dependence, ' together with
a small correction for surface deflection, is presented in
Fig. 3(b) and the qualitative agreement is demonstrated,
except for structures due to diffraction. Using the same
equation with O0=80', we have also calculated Auger in-

tensity as a function of the exit angles O&. The resulting
smooth curve is drawn in Fig. 4(b) and the reduction of
the exit-beam intensity at large polar angles is repro-
duced. The calculated curves in Figs. 3(b) and 4(b)
demonstrate that Eq. (3) qualitatively describes the
polar-angle dependence of the Auger intensity of both the
incident and exit beams in the continuum limit.

Calculation model of diffraction effects

The data shown in Figs. 3(a) and 4(a) clearly demon-
strate that diffraction is important for both the incident
primary electrons and outgoing Auger electrons. To cal-
culate properly the diffraction features, one has to in-
clude the dissipation of the incident primary electrons at
the site of the emitter and the elastic scattering of the
outgoing Auger electron by the nearby atoms. Since the
Auger process is an inelastic-scattering event in which
the emitted Auger electrons have no memory of the
phase of the incident-electron wave functions, the final
result is the product of the above two parts times the
Auger-process cross section without any phase correla-
tions. ' Furthermore, the inelastic nature of the Auger
process dictates that Auger emissions are random events,
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which excludes any phase relation between Auger excita-
tions at different sites. One can therefore utilize the sym-
metry of the crystal and choose representative sites to
simplify the calculations.

The angular dependence of elastic scattering can be
well described by a kinematic or single-scattering mod-
el. ' The outgoing Auger electron intensity for the lth
emitter can be written as

f)(&& )I,'„~,(k) ~ exp + g W' exp
L +r

expIi[~ k~r J(l —cos8, )+P (0 )]]2

2
J J

exp
L.+r.

(1—W ),

in, Oth
0 0

(5)

and assumed that the dissipation of the incident beam in
generating Auger electrons is mostly contained in the fac-
tor 1/cos60. The contribution of the incident beam to
the Auger intensity by exciting an Auger electron at the
lth atom is therefore proportional to I „"/cos60, where
I;'„' is from Eq. (4), with appropriate replacement of the
parameters. This 0th-order approximation of the
incident-beam dissipation is parallel to the case in the
continuum limit, presented in Eqs. (1) and (2). With these
approximations, the total Aux at the detector is given by

1(e„e„e,, e, ) g I,'„"I."„',Icose, , (6)

where LI =Z&/cosO& is the path inside the solid of the un-
scattered, but attenuated wave exp( L& I2A,—&), r is the
distance between the jth scatterer and the emitter, f~(0 )

is the scattering factor, and 0 is the scattering angle
from the jth scatterer. The phase changes due to path-
length differences and scattering are incorporated in
~k~r~(1 —

cosOJ) and QJ(8~), respectively. Lattice vibra-
tions are accounted for in the usual way by a Debye-
Waller factor 8, and the overcounting of the lattice vi-
bration effects in the first summation over j is compensat-
ed by the last summation over j. Since only the first
scattering of the outgoing wave is contained in Eq. (4), it
can be termed as a single-scattering calculation. Another
approximation in Eq. (4) is using the asymptotic form of
the Auger electron wave function at the Ith scatterer,
which affects most severely on the scattering from the
nearest neighbors. A detailed discussion of Eq. (4) can be
found in Refs. 2, 6, and 13.

The dissipative nature of the incident beam in contrib-
uting to the observed Auger intensity complicates the cal-
culation of the diffraction pattern. The intensity of the
incident beam at the lth emitter, I,'„", can be calculated by
using Eq. (4) and substituting the relevant parameters for
those of the incident beam. We approximated the dissi-
pation to the 0th order. That is, we took the derivative of
the unscattered term in Eq. (4) with respect to z,

z& / cos60
0th

— exp
Z j' Z/ 0

where No and N& are the azimuthal angles of the incident
and exit beam, respectively.

In our calculations, we have selected a cluster size of
48 X 57X40 A along [110], [001], and [110],respective-
ly. The center atom of each layer parallel to the surface
was chosen as the emitter based on the random-event ar-
gument for Auger excitation. The surface relaxation was
modeled as having a constant bond length between the
G-a and As as in the bulk with As atoms tilted outward
27'. ' The mean free paths were chosen to be X0=20 A
and A.

&

= 14 A. The scattering form factors f(0) were
taken from tabulated values based on free-atom scatter-
ing of incident plane waves for the outgoing Auger elec-
trons. ' ' For the incident beam, f(0) was calculated
using a muffin-tin potential with incident plane waves be-
cause the kinetic energy EO =3 keV is beyond the range
of the tables. The calculated intensity is also convoluted
over a small solid angle of 1X10 rad for comparison
to the data taken with comparable angular resolution.

Comparison of data with single-scattering calculations

In Fig. 5, we compare the experimental data with
single-scattering calculations for the incident polar-angle
scan of Ga and As LMM emission from GaAs(110) along
[001]. The data [Figs. 5(b) and 5(d)] were taken by simul-
taneously adjusting the sample and analyzer such that the
exit angle 6& was kept constant at —45'. The calcula-
tions [Figs. 5(a) and 5(c)] were carried out using Eq. (6)
with parameters selected as described in the preceding
section. All the curves were normalized to the maximum
intensity, which is also done in the rest of the figures. Ex-
cellent agreement between the experimental data and cal-
culated results, in terms of both the peak positions and
heights, is clearly demonstrated. The calculated results
have a slightly lower intensity for incident angle 60 60',
rejecting the inadequacy of the 0th-order approximation
used in Eq. (6) for describing the dissipative nature of the
incident beam.

The experimental and calculated exit polar-angle scans
of the Ga and As L.MM Auger intensities in GaAs(110)
along [001] are presented in Fig. 6. The incident angle
was kept at 6„=80'. Again, the peak positions of the
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calculated results [Figs. 6(b) and 6(d)] agree well with the
experimental data [Figs. 6(a) and 6(b)]. The experimental
data show a higher background, especially for smaller
~BI~. We attribute the background to multiple scatter-
ing, which is known to reduce the forward-scattering in-
tensity, resulting in a somewhat homogeneous back-
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FIG. 6. A comparison of experimental data and theoretical
curves for an exit-beam polar-angle scan of Ga and As LMM
Auger intensity from GaAs(110) along [001]. The incident an-
gle was kept at B0=80 . (a) Experimental data for Ga LMM; (b)
the theoretical curve for Ga LMM using single-scattering calcu-
lations described by Eqs. (4)—(6); (c) experimental data of As
LMM; (d) the theoretical curve for As LMM, using single-
scattering calculations described by Eqs. (4)—(6).
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INCIDENT ANGLE (deg)

FIG. 5. Comparison of experimental data and theoretical
curves for incident-beam polar-angle scan of Ga and As LMM
Auger intensity from GaAs(110) along [001]. The exit angle was
kept at 0&= —45 . (b) The theoretical curve for GA LMM us-
ing single-scattering calculations described by Eqs. (4)—(6); (b)
experimental data for Ga LMM; (c) the theoretical curve for As
LMM, using single-scattering calculations described by Eqs.
(4)—(6); (d) experimental data for LMM.

ground. ' ' ' By col.paring Figs. 5 and 6, it is evident
that there is a sharp contrast in the richness of structures
for larger polar angles, i.e., ~6; ~

)60'. We conclude that
both incident and exit angular dependence can be de-
scribed by single-scattering calculation. While the exit-
angle dependence shows pronounced scattering features
for ~OI ~

~ 60 (Fig. 6), the incident-angle dependence adds
more features at larger angles because of the 1/cos8o fac-
tor. It is therefore demonstrated that the incident-angle
polar scan has higher sensitivity at larger polar angles,
which may consequently imply higher surface sensitivity
resulted from the more glancing geometry. Another im-
plication is that one can obtain higher signal intensity by
preferentially selecting large incident angles in an
electron-simulated Auger experiment.

Here we comment on previous observations that the
incident-beam diffraction effects could be ignored. It may
have been the consequence of a combination of the fol-
lowing reasons.

(i) An accidental coincidence of the peaks in incident-
beam and exit-beam scattering in special cases. An exam-
ple is having the scattering angle between the incident
and exit beam fixed at 68=6o—6&=45', as is the case
for some experimental setups, and studying the polar-
angle scan along [100]of the (001) surface of a cubic, bcc,
or fcc crystal. In this case, the major scattering max-
imum at 6;=0 and ~6, =4S' will be simultaneous for
both the incident and exit beams and, if one plots the
scattering magnitude versus the exit angle 6&, the max-
imums at 6& =0' and 6& =45' will be enhanced relative to
the case where there is no incident-beam scattering.

(ii) The dissipative nature of the incident beam in pro-
ducing Auger transitions was not appreciated. From the
qualitative picture presented in Eq. (3) and Figs. 3 and 4,
and from the single-scattering calculations described by
Eqs. (4) —(6) and shown in Figs. S and 6, we realize that
although both incident beam and exit beam undergo the
same forward-scattering mechanism, the polar-angle
dependence of the two are different. Specifically, the dis-
sipative nature of the incident-beam scattering em-
phasizes the large-polar-angle-scattering features, while
the elastic-scattering of the exit beam favors smaller-
polar-angle-scattering features. Consequently, if one does
not include the incident-beam dissipation in calculating
the scattering spectrum in a fixed analyzer —electron-gun
angle experiment, a distortion will result and compar-
isons with experimental data may fail to show improve-
ment over the one in which incident-beam effects are not
included.

(iii) In some previous AED measurements, the data
were normalized by dividing the background counts tak-
en at a kinetic energy —15 eV higher than that of the
Auger signal. ' This process removes the fluctuations of
the electron gun, and at the same time it may also reduce
the diffraction effects of the incident beam. In our experi-
ments, such a normalization was not applied because the
time for data acquisition was short enough and the
electron-gun drifting was insignificant.

The points made above are further illustrated in Figs. 7
and 8. In Fig. 7 we show the data and calculation for Ga
LMM Auger polar-angle scan from GaAs(110) along
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FIG. 7. The effects of incident-beam diffraction on the Ga
LMM Auger intensity from GaAs(110) along [001]. (a) Experi-
mental data taken with the angle between the incident and exit
beams fixed at 46=45'; (b) the theoretical curve of the same
geometry using single-scattering calculation described by Eqs.
(4)—(6); (c) the convolution of the data shown in Figs. 3(a) and
4(a), with fixed 66=45', (d) the convolution of the theoretical
curves shown in Figs. 5(a) and 6(b), with fixed 68=45', (e) ex-
perimental data on the exit-beam polar-angle dependence,
reproduced from Fig. 6(a); (f) theoretical curve for the exit-beam
polar-angle dependence, reproduced from Fig. 6(b).
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FIG. 8. The effects of a constant electron-gun —analyzer an-
gle on the Ga LMM Auger intensity from GaAs(110) along
[001]. (a) The experimental data taken with the angle between
the incident and exit beams fixed at 66=60', (b) the theoretical
curve for the same geometry using the single-scattering calcula-
tion described by Eqs. (4)—(6); (c) experimental data taken with
the angle between the incident and exit beams fixed at 60=45;
(d) theoretical curve for the same geometry, using the single-
scattering calculation described by Eqs. (4)—(6). (c) and (d) are
reproduced from Figs. 7(a) and 7(b).

g I „"I,"„',/coseo g I,'„'I,'„,' / cos( 80')
m we=4s.

which involves a lot of cross terms between emission
from different layers. The agreement between Figs. 7(a)
and 7(c) and between Figs. 7(b) and 7(d) refiects the quick
convergence of emission from different layers resulting in
the insignificance of the cross terms in generating new
features. The general agreement between the experimen-
tal data and the calculations is good, with the exception
of the peak at e, = —10 in the data [Figs. 7(a) and 7(c)],
which apparently corresponds to the peak in the theoreti-
cal curves [Figs. 7(b) and 7(d)] at 6& = —6 . At the
present time we can offer no explanation for this
discrepancy. The significance of including incident-beam
diffraction can be further illustrated by a comparison of
the experimental and calculated results for the exit-beam

[100]. Figure 7(a) shows the experimental data taken
with the angle between the incident and exit beam fixed
at b,e=45'. Figure 7(b) shows the calculated results us-
ing Eq. (6), assuming the same geometry of 60=45'.
Figure 7(c) is obtained by convoluting the data in Figs. 3
and 4 with 66=45', and Fig. 7(d) is the convolution of
the corresponding theoretical curves shown in Figs. 5 and
6. It is remarkable that Figs. 7(a) and 7(c) and Figs. 7(b)
and 7(d) are essentially identical. In convoluting Fig.
7(d), we are, in fact, calculating

polar-angle scans reproduced in Figs. 7(e) and 7(f), re-
spectively. It can be seen that while the exit-beam polar-
angle scan has a broad maximum centered at e&= —2,
resulting from the forward scattering in the [110] direc-
tion, the convoluted results, either from the fixed angle
between incident- and exit-beam scan [Fig. 7(a)] or from
independent incident-beam and exit-beam scan [Fig. 7(c)],
have almost no peaks at the same position, instead having
two peaks at 6&= —10' and 7, respectively. Differences
can also be observed in the other angular range. A simi-
lar behavior is also observed for As (data not shown).
The results in Fig. 7 demonstrate conclusively that in
AED experiments, both incident-beam and exit-beam
diffraction are significant and one must incorporate both
effects in analyzing the data.

One can anticipate that since incident-beam scattering
plays an equally important role as exit-beam scattering in
Auger-electron-diffraction experiments, the observed
diffraction spectra will depend on AO, the angle between
the incident and exit beam, if it is fixed. This anticipation
is realized by our measurements performed at 66=45
and 60', shown in Fig. 8. Figure 8(a) is the Ga LMM
Auger polar-angle scan along [001] of GaAs(110) with
fixed 66=60', and Fig 8(c) is the scan with 60=45,
reproduced from Fig. 7(a). Figures 8(b) and 8(d) are cor-
responding theoretical curves calculated with use of Eq.
(6). The difference between the two sets of curves is obvi-
ous. The most pronounced is the sharp peak at
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This speculation was verified by data from incident-beam
azimuthal-angle scans shown in Figs. 9(a) and 9(c), to-
gether with the results of single-scattering calculations
using Eq. (6) [Figs. 9(b) and 9(d)]. The azimuthal-angle
scans were taken with polar angles Go=45' and e&=0,
respectively, which results in constant scattering angles
for the outgoing Auger electrons throughout the scan.
Again, the agreement between the calculation and the ex-
perimental data suggests that most of the diffraction
features are contained in I,'„' and that the 0th-order ap-
proximation of the incident-beam dissipation, used in Eq.
(6), is adequate for describing the incident-beam scatter-
ing. We conclude that while the polar-angle scans show
the fundamental difference between incident- and exit-
beam scattering, especially at glancing angles, in the
azimuthal-angle scans the difference between the two
types of scans is not as significant.

CONCLUSIONS

FIG. 9. A comparison of experimental data and theoretical
curves for the incident-beam azimuthal-angle scan of Ga and As
LMM Auger intensity from GaAs(110). The incident-beam po-
lar angle was kept at 60=45' and the exit-beam polar angle was
kept at e&=0'. (a) Experimental data for Ga LMM; (b) the
theoretical curve for Ga LMM, using the single-scattering cal-
culations described by Eqs. (4)—(6); (c) experimental data for As
LMM; (d) the theoretical curve for As LMM, using the single-
scattering calculations described by Eqs. (4)—(6).

e, = —24', present in both the experimental data [Fig.
8(a)] and the theoretical curve [Fig. 8(b)] for 66=60'.
At the same position the b,6=45' curves [Figs. 8(c) and
8(d)] are at a minimum. These results strongly suggest
that one has to exercise great care when comparing AED
data taken with different spectrometers that have
different fixed angles between the analyzer and electron
gun.

The results in Fig. 5 demonstrate that the 0th-order ap-
proximation Eq. (6) can account reasonably well for the
dissipative nature of the incident-beam scattering. With
this approximation we can also speculate that in the case
of azimuthal-angle scans differences between the
incident-angle scan and exit-angle scan will diminish
since they differ mostly by a constant factor 1/cosOo.

We have designed and performed experiments to exam-
ine critically the diffraction effects of the incident beam in
electron-stimulated Auger-electron diffraction and our
results indicate that incident-beam diffraction is
significant and must be considered, in general, in examin-
ing AED data. The dissipative nature of the incident
beam in generating Auger electrons causes an enhance-
ment of scattering features at large polar angles, which is
complementary to that for the exit-beam polar-angle
scan. We have developed a qualitative model in the con-
tinuum limit which explains well the trend of the polar-
angle dependence of both the incident and exit beams.
We have derived a 0th-order approximation for calculat-
ing the diffraction features. A comparison with the ex-
perimental data suggests that the approximation is ade-
quate, and that the incident-beam diffraction effects are
mostly contained in the elastic part of the scattering.
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